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Abstract 

The effects of ethanol ingestion on thermoregulatory 
mechanisms was investigated in eleven male volunteers. The 
eleven were selected from a group of twenty because of their 
higher levels of physical fitness. All subjects participated 
in two test sessions, one of which ethanol was ingested. 
Each subject undertook intermittent exercise on a bicycle 
ergometer for a period of 3 hours and 10 minutes. Five 
Subjects performed the tests in room temperatures (22 + 2° 
Gy swhidkes6esubjgectsewere testedsin colds (-5%2452°7C)s 

At intervals during the tests, subjects ingested orange 
juice mixed with ethanol (94.1%) (2.5ml/kg); or orange juice 
alone. The ethanol ingestion resulted in eliciting peak 
blood alcohol levels above 80mg/100ml (legal definition of 
intoxication). Measurements of heart rate (HR), oxygen 
uptake (VO2), respiratory quotient (RQ), skin temperatures 
(Tsk) and rectal temperature (Tr) were recorded periodically 
throughout the experiments. An assessment of perceived 
thermal comfort and environmental conditions were obtained 
through the use of questionaires completed by each subject. 

The findings of this study indicated that ethanol 
ingestion lead to an increase in body heat loss, as 
reflected by a greater drop in body temperatures. Ethanol 
also appeared to alter subjects perception of their thermal 


environment. 
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Figure 4-1 - Mean blood alcohol levels of subjects working 


in warm and cold temperatures. The open circles 
represent the mean values for subjectS in warm 
(n=5),, while the closed cireles are the means for 
subjects in cold (n=6). The vertical bars represents 
the standard deviation. EX and R indicate the 
exercise and rest periods. "*" indicates time of 
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Le lintroduction 

The ingestion of alcohol has long been recognized as a 
contributing cause of accidental hypothermia. For example, 
Reinke in 1875 in his "ObServations on body temperature in 
drunkards", cited by Weyman et al (1974) described seventeen 
cases of hypothermia associated with alcoholic intoxication. 
Observations of Weyman et al (1974) tend to indicate that 
hypothermia 1S common among the Alcoholic Bowery Population 
of New York City. An example given by Cottle (personal 
communication, 1978) described an extreme case of a man who 
was severely hypothermic an was brought to the University of 
Alberta Hospital. This man was found to be intoxicated and 
had evidently gone to sleep in a "Snowbank" on a cold winter 
night. When the victim was admitted to the Hospital, he was 
not only hypothermic but had also suffered considerable cold 
injury. Similar incidents of accidental hypothermia appear 
occasSSionally in variouS newspaper accounts during the 
winter season. In recent years, writers of articles 
concerning cold weather activities, for example Merry (1981) 
warn against the drinking of alcoholic beverages in cold 
temperatures; indicating it causes cutaneous vasodilation 
thus predisposing one to the development of hypothermia. 

The ingestion of moderate amounts of ethanol may be 
considered benefical during cold exposure. For example, 
Schulze in 1947 (cited by Andersen et al, 1963) suggests 
that a vasodilatory action resulting from ethanol may 


protect against frostbite. Blair (1964) suggests that 
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ethanol enhances one's tolerance to hypothermia once it has 
occurred although, as pointed out by Gupta (1960), there may 
be a compensatory vasoconstriction when the effect of 
ethanol wears off. 

That ethanol causes a cutaneous vasodilatory action in 
subjects under normal conditions in the absence of cold, 
appears widely recognized among various authors. 
DES Peramentalw work ol) Pewingss e€ Tale (1966) indicates an 
increase in cutaneous blood flow of subjects, who ingested 
(orally) moderate amounts of ethyl alcohol, while resting in 
room temperatures. While under Similar physical and 
environmental conditions, Gillespie (1967) reports an 
increase in cutaneous blood flow in subjects, following the 
ingestion of "whiskey" (2ml/kg body wt). 

When ethanol has been ingested in tests carried out in 
cold environments, body temperature changes reflecting 
alterations in body heat content appears to be conflicting 
in various reports. Numerous studies in the past have been 
unable to confirm a substantial increase in body heat loss, 
asi ale result “of “ethanol ingestion in. either colds air 
(Andersen et al, 1963; Kuehn et al, 1978) or cold water 
(Martin eto cal. (i977) “Pox “et al, 1979). However, “that 
ethanol may hasten the onset of hypothermia was recently 
reported by Graham and Baulk (1980). Their findings indicate 
a greater decrease in body core (rectal) temperature of 
subjects immersed to their necks in cold water (13° C), 


preceded by the ingestion of (40%) alcohol (2.5ml/kg body 
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When ethanol has been ingested in conjunction with 
exercise and cold expoSure, the results of physiological 
measurements reflecting body heat loss seem consistent among 
various studies. Haight and Keatinge (1970) report an 
impairment in the maintenance of body temperature in 
subjects resting in cold (14.4°C) preceded by intense 
exercise and ethanol ingestion (0.34g/kg body wt). Further 
work by Haight and Keatinge (1973), under similar conditions 
Supports their previous findings. In keeping with these 
findings, Graham and Dalton (1980) and later Graham (1981) 
reported a decline in body temperature of subjects who 
ingested alcohol (2.5ml/kg body wt) prior to intermittent 
bicycle work in cold ambient temperatures. 

Although many studies in the past suggest that ethanol 
may cause impairment of normal thermoregulation, the 
mechanisms involved seem to be uncertain. Although ethanol 
is classified as a hypnotic or sedative drug, Ritchie (1975) 
indicates that ethanol has a depressant effect on the 
central nervous system. Such an action by ethanol may 
possibly cause alterations in thermoregulatory mechanisms. 
However, direct experimental evidence to this mechanism of 
action appears limited. 

Alterations of one's "perception" of "Thermal Comfort" 
and consequent loss of a volitional action may be a means by 
which ethanol increases a person's susceptibility to 


hypothermia. That ethanol impairs one's perception of a cold 
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stress has been suggested by various authors, including, 
Martin et al (1977) and Graham and Baulk (1980). These 
authors concluded that their subjects perceived a cold 
stress aS being less severe after ingesting ethanol. Graham 
(1981) reported that subject's scores on tests of "Perceived 
Thermal Comfort" (as described by Fanger, 1970) tended to be 
reduced (felt warmer) after ingesting ethanol, despite 
colder body temperatures. Similar observations of an altered 
perception of a cold sensation was found in a= study by 
Gurney (unpublished 1981), in which subjects rated the 
severity of pain experienced during hand immersion in cold 
water (2° C). When the subjects ingested (94.1%) ethanol 
(1.5ml/kq body wt) they reported the pain elicited by 
holding their hand in cold water to be less severe, in 
contrast to a non-alcohol condition. Such” findings “suggest 
that the lack of perceiving a painful or warning stimulus 
and the absence of a volitional response may be a major 
contributing factor to the adverse effects of ingesting 
alcoholic beverages while participating in cold weather 


activities. 


Statement of the Problem 

In view of the contradictory and limited evidence, the 
present study was undertaken to investigate the effects of 
ethanol on thermoregulatory mechanisms and the perception of 
"thermal comfort" in man during intermittent exercise in 


warm and cold temperatures. When people engage in outdoor 
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activities, the drinking of alcoholic beverages appears to 
be a common practice among the participants. In _ general, 
most authors agree that ethanol ingestion in combination 
with cold exposure may be dangerous to one's safety. Fox et 
al (1979) suggest that accidents in the cold are more likely 
tomoccur when Gethanolmeis Pinvolvyed;: dues to “2ts adverse 
effects on coordination and cerebral functions. 

This study attempts to ascertain the effects of ethanol 
ingestion on thermoregulatory mechanisms of men exercising 
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II. Review of Related Literature 

Theseettects ects ethanol, Pingesticoneyon Sphysiclogical 
mechanisms of man have been studied in detail for over one 
hundred years. Early work from Higgins (1917) suggests that 
ethanol has little or no effect on measures related to body 
thermoregulation. However, more recent studies tend to add 
Reereaun as to the effects of ethanol on thermoregulatory 
mechanisms. This review has been limited to selected 
physiological functions of man in response to. ethanol 
ingestion. Thermoregulatory changes associated with ethanol 
are further discussed in relationship to the effects of 
environmental temperature (warm or cold) and man's physical 
State (rest or exercise). 

Thermoregulatory functions reviewed include: 
1. Heart Rate. 
2. Metabolic Rate, including oxygen consumption (V0O2) and 
respiratory quotient (RQ). 
3. Body Temperature Regulation, measured by changes in skin 
and core temperatures. 
4. Perception of environmental conditions and of "Perceived 


Thermal Comfort". 
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Heart Rate 

There appears to be a lack of agreement among the many 
Studies which have investigated the effects of ethanol on 
heart rate. Writers of textbooks, for example Ritchie (1975) 
in a well accepted textbook of Pharmacology states; "that 
Heartserace may increase following ethanol ingestion, and 
this may be due to muscular activity or reflex stimulation." 
Experimental evidence to aie action of ethanol appears 
somewhat limited. In studies of human subjects resting in 
room temperatures, Higgins (1917) and Grollman (1930 and 
1942) found a consistent, but only transient and slight 
increase in heart rate following the ingestion of moderate 
amounts of ethanol. However, reports from Horwitz et al 
(1949) and Perman (1961) indicate no changes in heart rate's 
of subjects drinking ethanol while at rest in room 
temperatures. In jorder ~to help clarity such actions of 
ethanol, Wallgren and Barry (1970) suggest, "that one must 
consider the effects of ethanol on nervous regulation of 
heart rate, Snel adebne its central nervous components, and 
local effects on the myocardium", 

When man is exposed to cold (air) temperatures, it 
appears well recognized that the cold elicits an increase in 
heart rate. For example, Raven et al (1970) reported that 
subject's (resting) heart rates were higher in cold (5° C) 
in contrast to warm (28° C) conditions. Similar effects were 
observed by Godin (1977) in subjects performing exercise (75 


percent VO2 Max.) in cold (4° C) compared to warm (40° C). 
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When ethanol is ingested and exercise is undertaken 
there iS an apparent lack of agreement among the various 
Studies that investigated the effects of alcohol on heart 
rate in either warm or cold air temperatures. That ethanol 
causes an increase in heart rate above that required by 
exercise has been suggested by Hebbelinck (1962), Blomqvist 
et al (1970) and Graham (1981). However, Garlind et al 
C1960), Rifteeets al 001969)>5 sand Graham (1981) report no 
changes in heart rate associated with the ingestion of 
ethanol. The variation in the findings of the many studies 
may be due to differences in the procedures used, including; 
exercise intensity, amount of ethanol ingested and blood 
alcohol levels obtained. This variation can be seen in the 


Studies summarized in Table 2-1. 
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Metabolic Rate 

Pawan (1972) has suggested that, "over 90 percent of 
the absorbed alcohol is metabolized in the body, yielding 
about 7 kcal/g on complete oxidation to carbon dioxide and 
WAaECT,ZuWith aeconcomittantstall® in respiratory “quotient.” 
The remainder is excreted in urine, expired air and sweat. 
It 1S well accepted that alcohol is mainly metabolized in 
the liver, and to a lesser extent in other tissues, 
including; kidney, muscle, lung, intestine and possibly the 
brain. The main pathways of ethanol metabolism are 
illustrated in Appendix 1. 

Whether Or not ethanol stimulates metabolic rate 
appears uncertain in reports from various authors in the 
past. Some authors, for example, Barnes et al (1965) suggest 
that the ingestion of ethanol does not alter metabolic 
rate's of subjects (fasted) resting in room temperatures. In 
contradiction, others for example, Perman (1962) found 
increases in oxygen uptake of subjects (not fasted) drinking 
ethanol, while under resting conditions in room temperature. 
The secontlicting™ Lesublits™ asePtomsthe eftects of erhanol) on 
metabolic rate may be due to differences in the subjects 
metabolic state (ie. being fasted or not fasted at the onset 
of the experiment). In an attempt to determine the effects 
of food and ethanol ingestion on oxygen uptake; Stock et al 
(1973) found small increases in VO2 of subjects (fasted) 
drinking whiskey, and large increases in VO2 when both food 


and whiskey were consummed together. They concluded that the 
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increases in oxygen uptake are likely due to the interaction 
between the metabolism of ethanol and residual "Specific 
Dynamic Action" (SDA) of food. In a more recent study, 
Rosenberg and Durnin (1978) attempted to clarify the 
uncertainty related to the effects of ethanol and the 
interaction between food and ethanol on metabolic rate. In 
their experiment subjects either ingested; ethanol (0.3 - 
0.4q/kg body wt) (150 kcal), food (600 kcal) plus ethanol 
bE Lecce plused £Curblsarenk.Peithe: Sresultsm cl Bthrs* estudy 
indicate a significantly higher VO2 after ethanol alone, and 
an increase in VO2 of 23% after food (with fruit drink) and 
a 27% increase after food and ethanol. These findings 
suggest that ethanol alone and ethanol in combination with 
food elicit higher metabolic rates in contrast to food 
alone. 

When one is exposed to cold (air) temperatures, it is 
well recognized that oxygen uptake increases, should the 
cold stimuli be enough to elicit shivering. When their 
Subjects were exposed to cold air, Raven et al (1970) and 
Lamke et al (1972) found increases in VO2 above those in a 
controlled condition. Similar results were reported by Pugh 
(1967), Claremont et al (1975) and Schvartz (1977), who all 
found increases in VO2 of subjects undertaking exercise in 
cold temperatures. The increase in VO2 was likely mediated 
through a shivering response to cold, as indicated in 
authorative textbooks, such as that of Astrand and Rodahl 


(1977). Although direct experimental evidence to support 
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Such a response appears to be limited; Hong and Nadel (1979) 
found a greater amount of electromyographic activity of 
subjects exercising in-cold air (10° °C). Such a response 
SuUgdeStS thatea possibles shivering action may occur in cold, 
even during exercise. 

The effects of ethanol ingestion combined with exercise 
in either warm or cold environments has presented some 
uncertainty among the findings of various studies. Although 
the metabolism of ethanol appears to be unaffected by 
exercise (Pawan, 1968), a common agreement among various 
authors seems to indicate no changes in measures ona 
metabolic rate during exercise aS a result of prior ethanol 
ingestion. A summary of such studies are illustrated in 
Table 2-2.) Some’ “authors, “including Graham “(1981)) reported 
that VO2 of subjects were not altered significantly as a 
result of ethanol ingestion. Whereas Blomqvist et al (1970) 
reported a slight increase in VO2 of subjects exercising 
(submaximal), preceded by ethanol ingestion. The diverse 
findings may be due to the effects of food consumption on 
VO2 in subjects non-fasted. Such an action of food may have 
been a contributing factor in the findings reported by 


Blomqvist and co-workers (1970). 
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Body Temperature Regulation 

The function of the thermoregulatory system serves to 
maintain a relatively stable internal body temperature. 
Under normal conditions, the system acts in Such a way as to 
keep the body core temperature at approximately 37 degrees 
C. Basic control mechanisms involved in thermoregulation 
have been described in various textbooks and reviews, 
including that of Astrand and Rodahl (1977). The mechanisms 
function basically as follows: Thermal receptors located 
both at deep body sites or core, and in the skin respond to 
Chermalistumun a neatwommecold)eeaiihelm OUtpUt mactse via 
thermoregulatory centers in the hypothalamic region of the 
central nervous system; to activate effectors including 
those which function to either increase the rate of heat 
production or those which function to facilitate heat loss. 
While studies of the function at the neural level in the 
central nervous system are limited to experimentation using 
laboratory animals, many studies of the effector mechanisms 
have been possible in man. These include studies of 
cutaneous blood flow and of sweating as mechanisms 
subserving heat loss, and of metabolic rate as a_ reflection 
of the rate of heat production. The action of such autonomic 
or reflex responses are closely linked to behavioral or 
conscious actions wherein one reacts volitionally to avoid 
conditions of either a cold stress or a heat stress. 

Although it appears widely accepted that the ingestion 


of ethanol causes cutaneous vasodilation, the predictability 
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of such a response 1S uncertain, as reflected by the 
inconsistency in the reports from different authors. In 
Studies of subjects partially immersed in cold water, 
following “the edrinking of ethanol, Martin et al (1977) and 
Fox et al (1979) found no evidence of changes in _ body 
temperatures following ethanol ingestion. However, Keatinge 
and Evans (1960) and, Graham and Baulk (1980) reported an 
increase in body heat loss as reflected by lower body 
temperatures, in subjects ingesting alcohol followed by cold 
water immersion. 

In studies of subjects exposed to cold air under 
laboratory conditions (15 to 20° C), Andersen et al (1963) 
reports that ethanol had no effect on body temperatures. 
However, under field conditions, a report by Gupta (1960) 
suggests that ethanol was associated with an increase in 
heat loss as reflected by lower body core temperatures. The 
conditions of these studies involving alcohol ingestion in 
cold environments are Summarized in Table 2-3. The 
conflicting results may be due to the different methods 
incorporated in each experiment, for example; the amount and 
type of ethanol ingested varied among the studies, as did 
blood alcohol levels, the environmental temperature and 


exposure time. 
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When ethanol has been ingested in conjunction with 
exercise in cold air temperatures, the findings of 
laboratory and field studies indicate that ethanol causes a 
greater increase in body heat loss. Such reports were based 
upon measures indicating lower body core temperatures. 


Details of these studies are presented in Table 2-4. 
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Perception of Thermal Comfort 

When a person drinks ethanol, his perception of thermal 
comfort may be altered, possibly due to the adverse effects 
of vethanol™~ on" the® ‘central nervous system. Although 
experimental evidence appears to be lacking in this area of 
research, Graham (1981) and others indicate that subjects 
reported feeling warmer after ethanol, despite body 
temperature measures being colder. In addition to this, 
subjects of various studies have reported feeling less 
discomfort after ethanol while immersed in cold water 
(Martin et al, 1977) and exposed to cold air (Andersen et 
al, 1963). 

A persons behavioral, cor™ volitional action to avoid 
thermal stress by seeking comfortable or thermoneutral 
conditions, may in effect remove him from conditions which 
would otherwize precipitate hypothermia. Should ethanol 
ingestion impair his ability to evaluate whether or not 
conditions are what otherwize would be comfortable, it will 
result in his not taking corrective action necessary to 
avoid becoming hypothermic. 

Gagge et al (1969) defines "Thermal Comfort" as, "a 
complex subjective sensation usually associated with 
physiological and psychological factors". They suggest that 
"warm discomfort" is associated with changes in 
physiological mechanisms, such as; when sweating and an 
increase in blood flow are activated to produce heat loss. 


Conversely, "cold discomfort" arises predominately from 
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vasoconstiction and a subsequent decline in skin 
temperature. In a study of subjects (resting) exposed to 
environmental temperatures of 12° and 48° C, Gagge et al 
(0969) found that esubjects:) (clothed) «sense cf .discomtort 
increases at an ambient temperature below 28° C. They 
suggest that "cold discomfort" correlates best with the 
lowering of average skin temperature and "warm discomfort" 


with increased sweating. 
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Summary Statement 

Many of the aspects of man's thermoregulatory responses 
to ethanol ingestion in conjunction with exposure to various 
environmental and physical conditions have been studied. 
However, from the studies reviewed, there 1S an apparent 
uncertainty as to the effects of ethanol on physiological 
Puneet tons. THEewconFrli1ctings opin lonss amongervarious “Sauthors 
may be due to the diversity of experimental methods 


employed. 
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Ill. Methods and Procedures 


Subjects 

Twelve male subjects volunteered to participate in 
tests involving ethanol drinking and intermittent exercise. 
However, only eleven subjects completed the tests, because 
one subject (J.W) was unable to participate in the warm 
temperature tests. The eleven male caucasians were students 
of The University of Alberta, and ranged in ages from 19 to 
30 years. They were selected from twenty initial volunteers 
on the basis of their having higher levels of physical 
fitness. All subjects were light to moderate drinkers of 
alcoholic beverages, as defined by Cahalan et al (1969). The 
tests undertaken by the subjects were carried out during the 
months of June and July, 1982. Physical characteristics of 
the twelve subjects are summarized in Appendix 3-C. 

All subjects were informed to the possible risks 
involved in the experiments prior to the test sessions. 
Subjects gave an informed consent to the experiments, which 
had been approved by a Faculty that deals with ethical 
considerations. The subjects were briefed as to the 
experimental procedures, however this did not include the 
content of questionaires involving the assessment of the 
thermal environment. All Subjects were requested not to 
Grink alcoholic beverages nor take part in strenuous 
exercise for the twenty-four hours prior to each test 


session. They were also requested not to eat any food for a 
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period of three hours prior to the onset of each test. 


Physical Fitness Assessment 

The twenty volunteers performed tests to determine body 
composition and aerobic capacity. Percent body fat was 
measured by means of body skinfolds, as described by Durnin 
and Womersley (1974); and by an underwater weighing 
technique described by MacNab and Quinney, (1980). Maximum 
oxygen uptake (VO2 Max) was determined by a progressive 
bicycle ergometer test, modified from Astrand and Rodahl 


(1977) 2 


Experimental Protocol 

The protocol was designed so as to simulate the common 
practice of people drinking alcoholic beverages at intervals 
WODbeS paretci patting in physical activities in the 
out-of-doors. All experiments were carried out in a 
controlled environmental chamber, set at a temperature of 
222 te? Car Warmer OUup eal Om aome tne  mCalCCOldmGroln):. 

On the day of testing, the subjects ingested either: 
Unsweetened orange juice and ethanol (3:1), (2.5ml of 94.1% 
metured \drainvalcohnol/koqubodyswt)) slalcohol@eutest), Ser Gan 
equivelent amount of unsweetened orange juice, (control 
test). Which of these was ingested in the first of the two 
este SeSSions was) determined by flipping = va°scoin. 9athe 
subjects were not informed to which drink they would be 


consumming, however they could recognize the alcohol drink 
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by taste. All*subjects wore similar clothing (a sweat suit), 
sO aS to have the same amount of insulation for both tests. 
In each of the two testing sessions the subjects 
performed intermittent work on a bicycle ergometer (Uniwork, 
OuImtonitlastcumencte) for W190N minutes, “This “ineluded 20 
minutes work (at a workload estimated to produce 50% v02 
Max.) followed by 10 minutes of rest and repeated six times, 
with a final rest period of 20 minutes. Prior to the first 
exercise bout and following all exercise sessions in the 
procedures, the subjectS were instructed to complete a 
questionaire. The questions concerned their perception of 
environmental conditions and of their thermal comfort. 
During Sthe EirsG ftourwrests’ periods  followingmthe first tiour 
exercise bouts, the subjects were instructed to drink the 
contents “ofe one glass” “containingrone-fourthoof the total 
amount to be ingested. Blood alcohol levels were estimated 
by analysis of expired air (by use of a Breathalyzer, Model 
900, Stephenson Corp) prior to the initial exercise bout and 
at the beginning of the second and subsequent rest periods, 
before the drink was ingested. Heart rate (HR), oxygen 
uptake (VO2), respiratory quotient (RQ), skin temperatures 
(Tsk) and rectal temperature (Tr) were determined at ten 
minute intervals throughout the experimental sequence. 
Following the tests in which ethanol was ingested, 
Subjects were required to remain in the laboratory until 
blood alcohol levels had fallen to a value less than 


40mg/100ml. 
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The experimental ‘protocol in this study is similar to 
those of methods described by Graham (1981). However, unlike 
Graham's methods, subjects of the present report ingested 
the ethanol drink over a longer period of time. The 
lengthening of time in which ethanol was ingested was 
designed for the examination of physiological measures at 


various blood alcohol levels. 


Instrumentation 

The questionnaires involving perception of environmental 
Gonditions “and’ of  “perceived= thermal” “comiort") were “a 
modification of those described by, Bedford (1958) and 
Fanger, (1970), 401); eandesof  Gumnan® and iLindbaid “(1969)), 
(02). Heart rate measures were monitored by means of a 
cardiotachometer (Cardionics AB, Stockholm. Sweden). Oxygen 
uptake and respiratory quotient were determined by analysis 
of expired air, using an automated metabolic measurement 
device (Metabolic Measurement Cart, Beckman Instruments 
ine) Mean skin temperature was determined from 
measurements made at four sites using thermocouples (Type 
"T") attached to the skin by means of surgical tape. These 
were attached (before the sweat suit was put on) at sites 
(described by Mitchell and Wyndham, 1969) over the 
pectoralis, deltoid, quadraceps and gastrocnemius muscles. 
Rectal temperature was determined by using a rectal 
thermocouple, self inserted 10cm beyond the anal sphincter. 


Temperatures were read using an analog meter (BAT-4, Bailey 
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Instruments) with the aid of a digital volt meter. Mean skin 
temperature was determined by a weighting formula as 
described by Mitchell and Wyndham (1969). Mean body 
temperature was calculated based on a formula described by 
Folk (1974); and skin conductance was determined by using a 
formula described by Robinson (1949), (see Appendices 4-A 


and 4-B). 


Statistical Analysis 

Data obtained were subjected to a three-way analysis of 
variance (ANOVA). This ANOVA was applied separately to the 
first halt (Tame QMto JO mine) wana cecond half (Time .100° ~to 
190 min.) of the experimental sequence. This method was used 
in order to separate meaSurements obtained at low and high 
blood alcohol levels. A Student-Newman-Kuels test was used 
in evaluating significance of differences between the means 
(Gontrol)«vs. alcohol) ‘at seach® time period. Statistical 
Significance was accepted at the 95 percent confidence 


intervals  (Ps0705).; 
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IV. Results 


Blood Alcohol Levels 

Blood alcohol levels (BAL's) of all subjects followed a 
Similar response pattern throughout the tests, as can be 
seen in Figure 4-1. Subjects BAL'sS increased progressively 
after the ingestion of each drink of ethanol. Peak BAL's 
were reached at 140 minutes of the test sessions, which was 
20 to 30 minutes after the last ethanol drink was ingested. 
A gradual decline of BAL's was evident following the peak 


period, however they did not decrease to levels of zero. 


Heart Rate 

The mean heart rates f subjects showed progressive 
increases with each bout of exercise, aS can be seen in 
Figure 4-2. Heart rate at rest periods also increased over 
time, however this action was not aS pronounced as in the 
exercise condition. Subjects of the warm temperature group 
demonstrated higher mean heart rates than those subjects who 
were working in cold. This difference became greater during 
each bout of exercise. 

Subjects of both temperature groups showed higher mean 
heart trates ater alcoho! ingestion, — and! diifierences Sfrom 
control values became greater as blood alcohol levels 
increased. Mean heart rates of the warm temperature group 
(alcohol treatment) were significantly higher (Ps0.05) than 


controlled conditions, by 8.2, 7.6 and 14.4 beats/min. at 
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times ere) 1SOR Pande, 90h mim,, mespectively. aSubjects 
ingesting alcohol in cold temperatures had higher (P<0.05) 
heart rates above control values by 7.4 beats/min. at 170 
min. During the final rest period (170 to 190 min) mean 
heart rates of the controlled conditions tended to decline 


at a faster rate than those in the alcohol condition. 


Oxygen Uptake 

During times of low blood alcohol levels (0 to 60 min) 
no differences were found in the rate of oxygen uptake (VO2) 
of both temperature groups. However, aS BAL'S increased a 
diversity among the VO2 means can be seen in Figure 4-3. 
Subjects of one temperature group never showed a consistent 
difference of VO2 means with the other group, however VO2 
was higher in the warm temperature group at 140 and 150 min. 

Mean vo2 of subjects ingesting alcohol (warm 
temperatures) were significantly higher (Ps0.05) than 
COntrolledeecOnGlt1Ons ).bVec.o, 4. Osand 2.0 mlekqslemin: sat 
the times of 90, 110 and 120 min. respectively. From 130 to 
190 min. mean VO2 of the same subjects was higher with 
alcohol, however the differences from controlled conditions 
were not statiscally significant. In the cold temperature 
Groupysmeans VOZewas «significantly sshigher awneethe alcohol 
Gonaditions thansein controlled, ibys2.2 mlekg 1emine (Sathiboth 
70.and 90 min. time periods. When blood alcohol levels were 
high (130 to 140 min), mean VO2 after alcohol was lower than 


control (cold temperature group), but these differences were 
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WOuMcOnSiaereadasignificant (Ps0.05)."Duringsthes tinal rest 
period, mean VO2 of both temperature groups tended to 


decline towardseinmurial test levels, 


Respiratory Quotient 

There waS no apparent consistency in the pattern of 
mean respiratory quotient (RQ) of both temperature groups, 
as can be seen in Figure 4-4. However, mean RQ of both 
temperature groups were lower in the second and third 
exercise bouts, aS compared to the initial and subsequent 
exercise sessions. SubjectS in warm temperature had lower 
mean RO responses with alcohol between 100 and 190 min., and 
the means were significantly (P<0.05) different from control 
by )0. 13 cand 0.15 at 110 and 30° "min; vespectively. When 
blood alcohol levels were high (120 to 190 min), mean RQ 
responses of subjects in cold were higher with alcohol, 
however this was not significantly different from the 


control means. 


Skin Temperature 

The effects of ethanol ingestion on mean skin 
temperature (Tsk) of subjects exercising in warm and cold 
temperatures are illustrated in Figure 4-5. Mean Tsk of both 
temperature groups increased during each exercise bout, 
however this response appears to be prolonged in cold, at 
the second and third exercise bouts. A decline in Tsk from 


the onset of the tests can be seen in the cold temperature 
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group, between 0 and 110 min. Mean Tsk of the warm 
temperature group followed a relatively stable pattern 
throughout the experimental sessions. 

When blood alcohol levels were highest (140 min), Tsk 
of the alcohol treatment (warm temperature group) was lower 
than control (Ps0.05) by 0.3 degrees C. Mean Tsk of subjects 
(cold temperature group) in the alcohol treatment, was lower 
than wthelrvcontroW Tevelseares07e60, 7075580, 790 and 140 -min: 
byS0soR"0.6, O02 O70 2 ands0.6edegrees €, respectively. 
During the final rest period (170 to 190 min), mean Tsk 
(cold group) declined below the initial resting levels, 
while Tsk of subjects in warm temperature only declined to 


initial resting levels. 


Rectal Temperature 

Mean rectal temperatures (Tr) of both temperature 
groups demonstrated a somewhat irregular response pattern 
during the testing sessions of both subject groups, as can 
be seen in Figure 4-6. In both temperature groups, mean Tr 
increased during each exercise bout, however this response 
became less pronounced when blood alcohol levels were high. 
Mean Tr was higher in the alcohol condition of subjects in 
warm temperature, during the first 120 minutes of the tests. 
However, as blood alcohol levels approached peak periods a 
sudden decline in Tr became evident at 150 minutes. This 
drop in Tr after alcohol was significantly lower (Ps0.05) 


than “control levels, by 0.3, 022, and O.3¥degrees C at 150, 
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L7G and 190 min | tespectively. 

As blood alcohol levels became higher, a greater 
deviation of (cold temperature group) mean Tr from control 
levels was evident. This decrease in Tr was significantly 
Gdinrerent sy from controt (P<0 205) by 072 tc0.3: deqrees nC at 
the measurement times of; 100 to 190 ‘minutes. During the 
Past rest period mean Tr of both temperature groups 
declined, with the greater decrease being in the alcohol 


treatment of both temperature groups. 


Mean Body Temperatures 

AS can be seen in Figure 4-7, mean body temperature 
(Tmean) of the warm temperature group was Similar in both 
the alcohol and controlled conditions. However, when blood 
alcohol levels became high, Tmean for the alcohol condition 
was slightly lower. than control, but this difference was not 
Significant (PS0).05). Subjects  singesting Galcohol any icold 
temperatures showed lower Tmean responses than the 
controlled conditions, following the initial rest period. 
These reduced body temperatures were Significantly different 
(P=0705) from control by Ovs to 0.4 degrees Gat each of ithe 
Poblbowingeeimes+s 50) G0,0 140,erl60;8 170,. 100nand 1 JOuminures, 
DURIing@ the tinal rest pervodsol the tests,, “means srespouses 
of subjects in both temperature conditions followed similar 


Patterns aS in the responses of rectal temperatures. 


rere Fr = 
huadienn some 


eel 


LOAGSIFIFSIE Gh T Bs, Su ce yo4e 


70.) 2eetee 


32 


sueq 


jOueYyyS JO swt} SazPeOLPUL 


[POL}PUBA |aUL 


*(9=U)pPLOo ul 


eu }JUaSeudau sa,tD.utLo uedo ayy ‘saun 


002 


OBL. 


O9l Ol 


neu 'SPOtLued YSeu pue |astduexa ay} |}eEdLpuL yY PUue xy 


sjoefqns uo} SuesewW sue Sa[duLD peso,o Sy SL tUM 


}euedwsa} PLOO pue wuem ut HulLy4uOM SszpOSelqns 4oO S[ers| 


(ul) owl) 


eyAl OOl og 09 


* * 


SSG ser ele Sena See e ‘ese Ne) Seley x 


“(G=U)WueM Ul 


OV Od 


“uoltysebut 


“uOtL}eLASpP PuepueYs |9y} JUSSSudsu 


s}oefqns uo4y San,teA uesw 


LOYoo|[e poo,q ueew “|-p Sunbiy 


ae en ee eee 
(moo, /bw) sjaaeq joyoojy poojlg 


>) 
™~ 


i=) 
08) 


06 


(nim) eestT 


ee a Helo: wrtT.  20C/ neeaies Wi ao Srhertes *) i) wey stow aee f sieve’ (omeota oussd bi 
ane eats-ay St? 1S*eJE! om esélin <4 rreaen, 4462745719 Bevols @4! 8’: ite (v= a ieee *o Ps 
ShSaAe *A est? gapesiony *** aba) vi tes" Lite aelimes > ai Ooms mi & ow ot ih daa 

a 


a 


SS: 


-uoL}SeGbult ,oueuLS 4O SwWly SazyeodLpUL yx, “Seunzeuadwe, P,oOo pue wuem ut szyOefqns 40 SaesuOodssu 8}e4 YUesH “CZ-yH aunbi 4 


(ulus) out) 


002 O8l O91 Ovl Ol OOL O08 O09 OV Od 0 


[OUOD|Dime 
pee elureye) = 
JOYUOD|D — 
|O4}UOD 


: 
_ > 


7 bles lorie malay oT 


or? 


(ies) simit 


iO Ga! eerie ne winete ora Gt ok wore > cise eo eS eieeesy Glen Powe) Sb Grapes 


34 


“uo1}zsaebut 


LoueY_S 4$O SULY SOPESLPUL yen 


PIGS {OUC3IO. = 
BiOo ONO a geet 
WA4DM JOYUOD|D — — 
WJDM JO4}UO0D 


“saunzeuedway plod pue WueM ut syoefqns 40 
(ul) owt) 


OZl OOl 08 09g 


sesuodsau ayxeidn usbAxKQ 


OF Od 


“€ 


p eunbi 4 


oO 


oO ie) 
— 


ie) 
ot 


1- 


SE 


| et hot brs ew ol 22s to 


35 


[Oueuye JO SL} SS}PeEdtpul yx, “S8uNn}Peuedwe}, p,oos pue wuem ut s}Oafqns 40 Sesuodssyu }USL}ONbD Auo},eutidsay 


(uj) out | 


002 O8l OO Ovl Ol OOl O8 


pjoo joyoo|p 
PpJOO JO4}UOD ~ 
WUIDM JOYOOID ° 
WDM JO1}U09 


QO9 


OV 


OZ 


“uotzsaebut 
“p-p aunbl4 


av) 
oO 


m~- 
oO 


Ww =p 
a) go 
juslzonty Asojosidsay 


ee) 
i) 


wine’ jorigtiy = 
ruirh : SL ahd ea 
bles jeune. £ 
Hes lonoat 


o— 


i" terest ** Ture veree? Wicd Cn? “1% 


36 


[oueyuyS 4O Sswiy Sazedipul 


Wen 


(ull) Sut] 


Ov Ol OOl O8 


\OUOS|D== === 


jOnUCl S| 


— 


JOYOS|D — 
|O4}UOD 


0 


9 


Ov 


“saunj}euedwa}y plod pue wuem ut sjoOaelfqns 4o Sasuodseu Ssun}euedwai uLys 


Od 


“uoltzsebut 
“G-p aunbl 4 


uy) ate (op) av) wa oO Oo) ioe) 
mW) m 4p) (1p) ~m ae) Mw (a) 
(9 seeubep) sinyosadwalt ulys 


wo 
oe) 


nS 


BE 


37 


[OueuySe JO owl} Sa}eOIpUl 


002d Ogi Og) 


we 


“Soun,eusedwa} P,Od pue wuem ut szOelqns 40 Sasuodseu 


(ul) elu) 


Ovl Ol OOL O08 O09 


JOYOO|D 
DJOS JO1jU0S = 
WIDM JOYOO|D — 
JO1,UO0D 


erccece 


Bunj,eusdus} 


OV 


Le yoeY 


Od 


“uotzSebut 
“9-p aunbl 4 


ol anise aes, Oa Cs4 


| 


~ SoueR) ah 
— “ena wae 


me UE POL COTG 
—— eSre), Gia 


os os 


Seana tes 


Sestak 8 


aan i att 


38 


“uotzyssbult 


LOoueuye JO SwWt}y Sa}eOLpUt x, “SA9uNnzPeueduia} PLOO pue wuem ut szOalqns 40 Sa@un}eueduse} Apoq ueaw ‘1,-p eunbi4 


(ul) oul] 


002 Ost Ogl Ovrl Ol OO 08 09 OV Od 0 


Ppjoo joyoo|D 
PJOD |O4}U0D ~ 


WWIDM JOYOO|D — — 
WADM |O4}U09 


<t 


- a + ’ — 


» 


sore p em 


os hed ae 


7? 
L 


oa eio 


ee. 


e 
G 
7 


Cn SY, 
a 


res 


“+ girilerwSee! iil en br frogs uy tomes fo eptubw netes od eee: a 7 


Body Heat Content 

Net heat loss of subjects working in warm temperature 
was Similar in both the alcohol and controlled conditions, 
at measSurment times 20 to 140 minutes. However, of the same 
subjects net heat loss was significantly less (P<0.05) in 
the aleohol condition, compared to the controlled conditions 
at 170 minutes, as can be seen in Table 4-1. Total heat loss 
waS Significantly greater (PS0.05) when subjects ingested 
alcohol in warm temperatures at measurement times of 80, 
PiOn J40" and 170 minutes. Skim conductance “or =subjyects, in 
warm temperatures were significantly less with alcohol when 
blood alcohol levels were low (50 and 80 min). However, of 
the same subjects, skin conductance waS greater in the 
alcohol condition when BAL's were high. The differences were 
Statistically significant (P<0.05) from control levels at 
170 minutes. 

The results of body heat content of subjects working 
WORKING sinecOld are allustrated in Table 4-2 = Net heat loss 
was significantly (Ps0.05) less after alcohol ingestion at 
50 and 80 minutes. However, net heat loss became greater in 
subjects ingesting alcohol (140 min), above controlled 
conditions, but the differences were not statistically 
Sugnuticant. Total wheat loss) wac ) greater Salter valconel 
ingestion, aS compared to controlled conditons at each 
measurment time, and the differences were found to be 
Significant (Ps0.05) at 170 minutes. Skin conductance was 


Similar or lower in the alcohol condition, compared to the 
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controlled tests, when blood alcohol levels were low. 
However, aS blood alcohol levels became higher, skin 
conductance was greater in the alcohol condition, but was 


not Statistically different from controlled levels. 
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Perceptual Responses 

The results of questions concerning subjects perception 
of their thermal environment differ in the mean scores of 
controlled versus alcohol conditions, as can be seen in 
Tables 4-3 to,.4-11,  <Subjects ingesting saleohol in. warm 
temperatures perceived the environmental temperature as 
being higher than responses given in controlled tests. The 
differences between the mean responses were significant 
(P=0505) “at 856, 8 l78"and J90eminutes (Tabhe)4-3).) Subjects of 
the same temperature group indicated that they desired 
cooler environmental temperatures after they ingested 
alcohol, and this response was significantly different from 
control conditions at 58 minutes (Table 4-4). There were no 
Significant differences found in the questions reflecting 
"perceived thermal comfort" of subjects in the warm 
temperature group (Table 4-5 to 4-8). However, mean scores 
of subjects indicate that they felt warmer in the alcohol 
tests. Less feelings of discomfort was reported by subjects 
imicestings alcohol pr(P<0205) 38 in) pcontrastanto controlled 
conditions at 118 minutes (Table 4-9). This response of 
subjects feeling less discomfort after alcohol was 
consistent throughout the experiment except for the final 
rest period, where more discomfort was indicated. Subjects 
of the warm temperature tests perceived a slight temperature 
increase or decrease, or there was no change at all. There 
were no significant differences found between the alcohol 


and controlled conditions, (Table 4-10). The Same subjects 
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indicated that less time had elapsed since the start of the 
test when alcohol was ingested, and this response was 
Sigmbiccantiy ditterentaP-0-05)efrom control conditions at 
55 and 88 minutes (Table 4-11). 

There were no significant (PsS0.05) differences apparent 
between the “alcohol Vand “control conditions of subjects 
perception of environmental temperatures, during the tests 
conducted in cold temperatures (Table 4-3). The same 
subjects did not differ in responses (alcohol vs control) to 
their desire for changes in environmental temperatures 
(Table 4-4). Subjects working in cold temperatures indicated 
that they felt warmer after alcohol was ingested, and this 
response waS Significantly (PS0.05) different from the 
controlled condition at 58 minutes (Table 4-5). The same 
Subjects reported warmer feelings of their hands in the 
alcohol tests (P<0.05) at.times of 88, 148 and 178 minutes 
(Table 4-6). However, no statistical differences were found 
of subjects assessment of their feet or face, when 
controlled tests were compared to alcohol conditions (Tables 
4-7 and 4-8). However, the higher scores tended to suggest 
that warmer sensations of subjects face's were associated 
with alcohol ingestion. The subjects of the cold temperature 
group reported feeling less discomfort from the cold stimuli 
when alcohol was ingested, but the differences from 
controlled tests were not statistically significant (Table 
4-9), The subjects in cold temperatures did not differ in 


their responses, (controlled versus alcohol conditions) as 
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to their assessment of changes in environmental temperature 
(Table 4-10); nor was there any differences found in their 


assessment of elapsed time (Table 4-11). 
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V. Discussion 

The Findingseyofssthis sstudys suggest that. ethanol 
ingestion alters normal thermoregulatory functions of 
Subjects exercising in both warm and cold environmental 
temperatures. These changes appeared more pronounced when 
blood alcohol levels of Subjects were highs seThe 
questionaires that assessed subjects perception of their 
thermal environment indicated changes from controlled states 
EOtsgatcohol»= conditions. The; valterations in perception 
suggested that alcohol ingestion impaired subjects 
interpretation of their thermal state or condition. 

The higher heart rates found in subjects of the warm 
temperature group, may be due to an increase in blood 
Circulation, as affected by warmer temperatures and the 
effects of exercise. The higher heart rates associated with 
ethanol ingestion are in agreement with reports of 
Hebbelinck (1962), Blomqvist et al (1970) and Graham (1981), 
DUC sine cCOnbLastestoe thestindings Of Ganlindset ale(i9G0 i" 
Riff et al (1969)) and Graham (1961). Although ehis action sof 
ethanol appears to be uncertain in the literature reviewed, 
an oinerease ins blood £low > following “alcohol ingestion 
(Gillespie, 1967) may have been influential in the changes 
in heart rate. The apparent lack of experimental work in 
cardiovascular and neurological mechanisms associated with 
heanterate, may be the limiting factors causing = suncerrainty 


EOmENIGHACLUOMmCr ethanol. 
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The present study showed no differences in mean oxygen 
Hptakem (VO2)) of Sesubjeces™ ime warma versus Sthosesin cold 
LéeMperatunes. “This finding appears to belincontradictiom to 
the common agreement of various authors, for example 
Ssehvarntz etal (1977), whosindrcatesmthat. VO2ZGwas higher: in 
SubjectS exercising in cold compared to warm temperatures. 
The contrast in results between the present study and those 
Studies of others may be due to differences in exercise 
Imbeenstityvand/or Wduratiion, Wore theytlackesct au shivering 
response by subjects in cold temperatures. The findings of 
higher VO2 responses with ethanol ingestion of subjects in 
both temperature groups, are in agreement with the reports 
Of Blomavist eteal 0(1970) but inecomtrasteto  ~ehe Fiindings 
offeGarlindgserm als(1960)eand Barnes setwale(1965)m% Similian 
results were found in the cold temperature group of the 
present study, which supports the findings of work by Risbo 
etmaleGn9e 1) "but not with Graham's 9a0198 I) reports. 8Risbo 
and co-workers suggest that higher VO2 responses may be the 
Tesubt Of sthe Specific dynamic etieco more euhanol. © I mesthe 
Bresent study VO2) declined @ below “control levelsmin cold 
temperatures when blood alcohol levels were high, and this 
response is supported by similar findings found in reports 
by Graham (1981). This apparent lack of av reflex response to 
cold, (as reflected by sreducedeavOzetlevels atter alcohol 
ingestion, suggests that ethanol may inhibit a response (ie. 


shivering) normally seen in a non-alcohol condition. 
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Writers of authoratative textbooks, for example Mathews 
and Fox (1976), suggest that the respiratory quotient (RO) 
Of W@ethanol Sirs 0.67 oni complete oxidation, white: that of 
other energy sources are higher, for example; carbohydrates, 
proteins and fats. Therefore, one would expect lower RQ 
eve louwitheathe ingestion» ofsalLconol, mt. aloohole- nade taken 
the place of other energy sources. The present study appears 
to support such a response, aS was demonstrated by subjects 
who ingested alcohol while exercising in warm temperatures. 
However, this action of alcohol was not apparent in the RQ 
responses of subjects working in cold temperatures, which is 
in agreement with the findings of Graham (1981). 

The similarities found in net heat loss levels of 
Subjects (control and alcohol) in warm temperatures appears 
tombe Sdue’! to Wamited differences:s found in control and 
alcohol) mean body temperatures. .However, higher VO2 
responses with alcohol may have contributed to the higher 
total heat loss found in the same subjects. Higher’ skin 
conductance for the alcohol treatments suggests that a 
greater vasodilatory response (above that produced by 
exercise) may of been associated with the ingestion of 
alcohol. These findings suggest that alcohol may have _ been 
maintaining a high heat conductance through the periphery, 
despite reduced skin and rectal temperatures. 

Previous studies on human subjects exposed to warm 
temperatures (Andersen et al, 1963; Kuehn et al, 1978 and 


Livingston Set wall, 1980)s indicate no Significant changes in 
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body temperatures, as a result of ethanol. However, studies 
of rats resting in room temperatures and injected with 
ethanol (Lomax et ay 1981 and Myers, 1981) have 
demonstrated a decrease in body core temperatures. Myers 
Suggested that ethanol acts acutely as any other anesthetic 
agent to impair all thermoregulatory functions. He concluded 
that the physiological mechanisms for the dissipation of 
body heat as well as those for heat production are 
incapacitated by ethanol. 

The greater heat loss found in subjects ingesting 
alcohol in cold temperatures is in agreement with the 
findings of Haight and Keatinge (1973), Graham and Dalton 
(1980) and Graham (1981). The results of subjects skin and 
rectal temperatures were also similar to the reports from 
these workers. Graham (1981) suggests that the increased 
heat loss with ethanol is the combined result of a lack of a 
rise in rectal temperature anda greater decline in skin 
temperature. Although heat loss was greater with ethanol, 
skin temperature was cooler and skin conductance lower (20 
to 110 minutes only). From this response, Graham (1981) has 
suggested that ethanol may not have been maintaining 
peripheral, vasodilation relative “to the control ctace. 
However, when BAL's were high (140 and 170 min) skin 
conductance was higher with ethanol, which Robinson (1949) 
suggests reflects an increase in cutaneous blood flow. 

The results of the questionaires reflecting subjects 


perception of their thermal environment indicate differences 
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when controlled conditions were compared to tests involving 
alcohol “ingestion. Subjects feelings “of less” discomfort 
after alcohol ingestion is in agreement with previous 
reports = (Graham; 1987) “of” subjects exposed to ecld 
temperatures. Despite the colder body temperatures found of 
subjects ingesting alcohol, they indicated feeling warmer 


than controlled tests. Although studies of the past appear 


limited in studying perceptual responses of Subjects 
ingesting alcohol during exercise; the present study 
Suggests that normal perception of Subjects thermal 


environment was impaired during tests with alcohol. 

The results of meaSures of perception may have _ been 
influenced by subjects learning the experimental procedures 
after the first test session. Also, many of the subjects 


communicated with each other as to the test procedures. 
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VI. Summary 

The effects of ethanol ingestion on thermoregulatory 
mechanisms of men undertaking moderate exercise in warm and 
cold temperatures has been investigated. Previous authors 
Naver reportednconfimectang resultsee asi@to, the effects: of 
ethanol on subjects either exposed to or immersed in warm 
and/or cold temperatures. The results of this study tend to 
Support the findings of previous reports involving similar 
experimental conditions. The results indicate that an 
increased heat loss may be associated with the ingestion of 
moderate amounts of ethanol. 

Although none of the subjects working in  colid 
temperatures demonstrated clear signs of hypothermia, 
reduced body temperatures were evident when blood alcohol 
levels were high. Subjects of both temperature groups, 
perceived their thermal environment and that of thermal 
comfort as being less stressful after alcohol ingestion, 
compared to the controlled conditions. The impairment of 
Subjects perceptual senses may have prevented their 
undertaking of adequate precautions, if their situation 
became more stressful. This alteration in Subjects 
perception may. be: san /antluential) @factor an Scaeses yor 
accidental hypothermia. Thus, it is the opinion of this 
author, that based upon the findings of this study, ethanol 
ingestion is not recommended for people who participate in 


outdoor activities. 
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Appendix 1. 


Ethyl glucuronide 


Ethyl sulphate Hydroxy ketohexanoic acid Pyruvate 
Ethyl esters 
l a-ketoglutarate 
CO> 
\ 
\ Pyruvate 
oxidase 
| NAD-~ NADH X 
Alcohol — Ron SEO at eS Hydroxyethyl 
(ethanol) ADH Pa thiaminpyrophosphate 
NADFH in = i. 
(mecs (SER} Alaehyde j NAD 
Ribonuclease Catalase, | NADP- | denydrogenase |{ 
\NADH 


D-amino-acid \ { peroxidase | 


oxidase Acetoin 


> ! 
¥ Acetate SO 
Acetaidehyd < 


Acety!-CoA synthetase 
| (acetate thiokinase) 


J 
CO,+H-0 | 
oes 


oe 
Krebs cycle 


Fatty acids Energy +CO,+H-+0 
cholesteroi 
ketones, etc. 


Figure 1. Pathways of alcohol (ethanol) fileey ato Ge in 
man. 
ADM, alcohol dehydrogenase; MEOS, microsomal ethanol 
Oxidizing system; SER, smooth endoplasmic reticulum, 


From Pawan (1972) 
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Appendix 2. 


Assessment 


Ww 


of percent body fat - skinfolds: 
Skinfold measurements as escribed by Durnin and 
Womersley (1974) 
Equipment: Harpenden skinfold calipers. 
Skinfold measurement sites: triceps, biceps, subscapular 
and supra-iliac. 

All measurements were recorded (mm) and each site 
was Measured three times. Percent body fat was 
determined from the total of the average values obtained 
at the four skinfold sites. Percen body fat was 
estimated from the chart on the following page. 
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Skinfolds 
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Males (age in years) 
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In {Woe thirds of the i instances the error was within 43, 5% of the body- werant as fat for the 


women and 2:5% for the men. 


The equivalent fat content, as a 
percentage of bodyweight, for a range 
of values for the sum of four skinfolds 
(biceps, triceps, subscapular and Supra- 
iliac) of males and females of different 
ages. 


* By J.V.G.A. Durnin and J. Womersley. 


“Body fat assessed from total body density 
and its estimation from skinfold thickness: 
measurements on 481 men and women 
aged from 16 to 72 years.” British Journal 
of Nutrition, 32. 77-97, 1974. 


74 


1-28 (24 Os (9 Gime ti (5. 


eninge Trai iiifil® © i) 
oe WulBiel ne Like sont 0° 
OUR) That ag 17 


= 


: is 
b fi : 
_ » f* 
Ake ee id 
ad isc 
t cst 
ia 
a | * 
Tag shay 
ye oo 
a. 
= 7° 
Apes at. 
‘ti a 
Tae mh) 
ai Ti 
— =] i 
¥ »  (s 
te 5 
. Fo rs 
‘¢ Ry 
} oat 
a! 
et 
bm 


i nee ae 


v Pay 
mA 


=” SS 68S 
>“ 4 U | nh 7 
a * ee ~. oO 
ey. )v ie, Sey! Se 
Mir © al : 
a iw ‘al 
-s i ; oe 
“ ' ov a : «= 
i ar _— at, ' 
. J nd . 7 ia 
Poe | Pat La ie a 
m oe _ q 
ie = 
ot : ) rg 
9 mai he 
a 7 i - @ 
Gr ied 
7) ’ si 
$4 f ; : 
rt - 7 
@ 
Le l a 
° } 5 Qe ' 72 
ney \ 
| i . 
‘4 > » a= 
yb Lian Am = 
ed 
or) 
ee Bt! Poe ee 
ics & 
_-. ieayne~g sft 


eV 


ou 


patie rons 
rei ie 


eee a 


ap 


ei 


‘ 
1 


i 


i 


: 


a} 


- 


i 


¥ 
ee 


y 
“4: 


is 


7 


" 


A 


| | 
vial 


nl 


br 


2) ane 
[. 


‘ 


ws 


es 


fe 


Appendix 2-B. 


Assessment of percent body fat — Densitometry 


From MacNab and Quinney (1980). 


MEASUREMENTS : SUBJECT: 
Ci) ey Wteinsaur (uss) 


(2) Vital capacity (V.C.) (litres) ix 61202 = (cu, in.) 
25% (Males) 


3 j - : 
(3) Residual Volume 30% (Females) Le) hgh ean A Sle (cus in, ) 
(4) Vol. Gastro-intestinal track (VGI) = 7 Ol (cusin.) 

(S) Wt. in water (full inspiration) = ClDS 3) 


Witein etee pees Read x belt ulleor - belt weight (lbs) = 


CALCULATIONS: 

(G6) iotal body air (T.B.A.) = V.C.00” (cu.in.) (from 2 above) 
TERI. oe (cu.in.) (from 3 above) 
+ RGI 701 (cusin.) 


= x 0.0362 = (lbs.) 


(7) True wt. in water = weight in water (from S above) (lbs.) 
+ total body air (from 6 above) (lbs. ) 
= CiDS-) 
(8) Body Volume = wt. in air (1) ; =stlue wt. inewaten (/ ja 
= Cibsi) 
(9) Body Density = ee ee X density of H>0 = 
Body volume (8) _ ce 


10) % Fat = (4.570 - 4.142] x 100 
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Appendix 2-C. 


Assessment of maximun oxygen uptake ((VO2 max) 


Modified Astrand Test (bicycle - continuous) 


Equipment: 
1. Bicycle ergometer (Uniwork, Quinton Instruments). 
2. Cardiotachometer (Cardionics AB, Stockholm) 


3. Metabolic Measurement Cart (Beckman Instruments Inc.) 


PEOLOGOL: 

1.Weigh subject (kg). 

2.Adjust bicycle seat to appropriate height. 

3.Attach electrodes (for heart rate) on subject. 
4,Adjust breathing valve and nose clip. 

5. All subjects pedalled at a workload of 400kpm/min (60 
RPM) for a period of 4 minutes (warm-up). 

6.Workload was increased by 100 kpm/min every minute 
following the warm-up. 

7. Subjects pedalled to exhaustion. 

8. During the tests, the expired air was analysed for 
oxygen and carbon dioxide content by the Beckman MMC at 
30 second intervals. The criterion for attaining VO2 
max. iS an asymptote or an increase of less than 80 


ml/min. in the oxygen uptake measurements. 
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Appendix 3-B. 


Questionaires used to assess "perceptual" measures of 


Subjects. 


Please indieate what you think the current room temperature is 


Py Putting a Vertical mark through the seale below. 


=30 20) =10 0 10 20 30 vi 


| 


O 
— 
Q 


Cre) 


What do you think of the temperature in here? Would you like it 
to be: 

1 Warmer 

2 Slightly Warmer 

Doe isb as Wes 

A edightly Cooter 
5 


Cooler 


How do you feel? Qld:How are your hands? 
=e Cold a 
=e, Ceol Soa 
Elo lightly Cool si! 
770 Neutral ne 
ti Siightly Warm Ser 
__+2 Warm oe 
7 Sot ear 
How are your feet? OlLs) How cear yours Paces tee! 
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you experiencing any discomfort? 


fone ene eit 


Very, Very Weak (Hardly noticable) 


Very Weak 


| 


Fairly Weak 
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Neither weak nor strong 


Fairly strong 


Strong 


Very strong 


| 


Very,very strong 


NOI COS ON Cn ee Co IN 


Maximal 


: Please indicated how muc the temperature has changed since 


you entered the room? 
1 Large increase 


Moderate increase 


Slight increase 


Barely noticable increase 


| 


None ate all 


Barety noticabte decrease 
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Slight decrease 


Moderate decrease 
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Large decrease 


Please indicate the amount of time you think has elapsed 


since you entered the room? Please answer in minutes. 
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Appendix 4-A 


Formulas used in determining Mean Skin Temperature, Mean 

Body Temperature and Thermal Conductance of Tissues 

Mean Skin Temperature (Tsk): From Mitchell and Wyndham 

(1969). 

Tsk ("C) = 0.3 (Pectoralis+Deltoid): + 
0.2(QuadraceptGastrocnemius) 

Mean Body Temperature (Tmean): From Folk (1974). 

tnean e@) m0 sexe isikn tO /ex Tr 


Thermal Conductance of Tissues: From Robinson (1949). 


Ms 


Equation: © © = A(Tr-Tsk) expressed in (kcal/m?/°C/hr) 


Where» @C #ism ther @coefiveient. yor “heat @eonductancenot 
tissues, Ms is the metabolic heat loss through the skin 
(total heat loss), A is the body surface area in square 
meters, Tr is the rectal temperature and Tsk is_ skin 
temperature. Robinson (1949) suggests that the rate of 
conductance is dependent on the rate of cutaneous’ blood 
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Appendix 4-B. 


Calculations for Net and Total Heat Loss. 
Net Heat Gain or Loss (kcal): (From Folk ,1974) 
= Mass (kg) x Specific Heat (0.83) x Body Temperature 


Change (°C). 


Total Heat Gain or Loss (kcal): described by Graham 
(personal comment, 1982). 

mMotal heat qainnor 10SSe=—/5.% 01, VOen (l/min) ex 4,825.92 
Net heat gain or loss. 

The value "75%" represents the mechanical efficiency of 
work (ME) (Astrand and Rodahl, 1977) as the ratio of 
external work performed, to the extra energy production. 
Astrand and Rodahl suggest, "that when a= person 
exercises on a bicycle ergometer the ME rises to, 20 to 
25 percent; ie. 75 to 80 percent of the energy is 
dissipated as heat." 

The value 4.825 represents an estimated number of 
kilo calories yielded per one litre of oxygen, as 
suggested by Mathews and Fox (1976). 

Example: 

VO2 1 /min) = "2.1 

Net heat gain or loss = 57.17 kcal 

75% of VO2 (1/min) x 4.825 4 + net. heat gain or loss 
= 1.590%) 4.0255%) 20 Aminutessof timeje— 575 17 
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Appendix 4-C 


Student-Newman-Kuels Test 


MS Within 
Formula: SR = n 
Where Sk represents the "critical difference". Ms 
represents "Mean Squares Within" from Analysis of 


Variance (ANOVA) Tables, and n indicates the "number of 
distinct cases used", from ANOVA Tables. 

Example: 

Ms withim = 927.839°) number ot sdrstince ~cases §=9) 11> 


degrees of freedom (df) = 81. 


MS Within 
Sk. = n 
2772039 
SR = ha 
SkS=112.-53 
S20 lino 


Locate the df value in Student-Newman-Kuels Tables (for 
eg. Moorehouse and Stull; pp. 376-378) at the 0.05 
level. The value from these Tables = 2.81. Then multiply 
St by this value 2.61), awhicn equals 94.47 (ss Therefore, 
if two means obtained are different by 4.47, the the 


means are significantly different (Ps0.05). 
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Appendix 5. 


Analysis of Variance Tables. 
Heart Rate 

Oxygen Uptake 

Respiratory Quotient 

Mean Skin Temperature 
Rectal Temperature 

Mean Body Temperature 

Net Heat Loss 

Total Heat Loss 

Skin Conductance 


Quest ionaires of Perceptual Measures 
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Appendix 6. 


Results Tables. 
Heart Rate 

Oxygen Uptake 
Respiratory Quotient 
Skin Temperature 
Rectal Temperature 


Mean Body Temperature 


Time of 
Measurement 

(min) 
0 61 
10 2s 
20 ime 
30 68 
AQ 120° 
50 ees 
60 falls 
70 124. 
80 12a 
90 ln 
100 Ale 
110 134. 
20 aie 
730 132. 
140 139% 
tO WS), 
160 1445 
70 144, 
180 Gok 
190 (Pale 

Note: 


The values represent the mean for all 


Results Table 
(Warm Temperature) 


Heart Rate (beats/min) 


Con troll 


a6) 


PP wT S| oS SF Sf & Oo & Ww DS Oo oS LH OP WH & oO & 


Alcohol 


SG. 


=] ec Ww wo & @S &S& 8S |S W WH OS MH) WO WS 
(ce) 


Gea iG. 


BAL 


h23 


(mg/100m1 ) 


Boe 


42. 


62. 


Cin 


74. 


66. 


subjects 


and the numbers in the brackets represent the 
Standard Deviation. 


* - Signifies that the value was statistically (Ps0.05) 
difrerent trom contre lr 
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Results Table 
(Cold Temperature) 


Time of Heart Rate (beats/min) 
Measurement BAL 
(min) Control Alcohol (mg/ 100m] ) 
Sk Ee oe EO ees ee se Le = 


0 Deg) OS. 66.3 (4,4) Oz 
0) 12 Oar ecient) V4 Se 459) 
20 Uae (NORD) pili Sea Chee 
30 One 11.6) Tse toe ema) 
40 ) cease Ree co) Website eee sy 
50 ee! aha 8) ees cs) ot Oley 2550 
60 6529 11/26) (es sie ACSI) 
70 laves Ose alie. 2.) Aine ome e103) 
80 IOS) Sa. 31) lit Bsn (Cee) 43.3 
90 OO ou) (Eas (C2 ass) 
100 IO ord ery) (Ore Weekee)) 
110 Tie Gas lel OeMee) (ee ARMIES.) eer eS) 
120 Pone Crs), V3.3 2 iW) 
130 120524 16,43) ee Ws 
140 122 Ow Geass) 12428 1S 6) 82.8 
150 ORS OAs) TS on Ones) 
160 A TEST Ree ey) SO sole 
70 (2 nso tomo: 130.7*(14.5) TPES: 
180 TARO 46.61) (STC EOC!) 
sie 67.0 (6.24!) 72.04 1026} boa 
Note: The values represent the mean for all subjects (n=6) 


and the numbers in the brackets represent the 
Standard Deviation. 


* - Signifies that the value was statistically (Ps0.05) 
different from control. 
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Appendix 7. 


Subject Consent Form. 


af am willing 
te act aS a Subject in two exercise tests to be carried out by Mr. R. Gurney 
in the Department of Physical Edcuation at the University of Alberta. During 
thei tests I agree fo drink a Certain amount Of grain alcohol mixed with 
Orange juice knowing the tests are intended to determine the effects of ethanol 
on physiological response to exercise. I know I am free to withdraw from the 
tests at anytime I wish and agree to withdraw at the request of Mr. Gurney 
Should he wish to terminate the test at anytime. At the conclusion of the 
tests I agree to remain in the laboratory until measurement of my blood alcohol 


indieate 40 to 50-me/a00) mi. 


In agreeing to take part I waive the University 


of Alberta of any and all legal claims in connection with their tests. 


DATE: SUBaE Ca: 
(Signature) 
SUPERVISING STAFF MEMBER: 


(Signature) 
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